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(54) Title: AN ETCH STOP LAYER FOR DUAL DAMASCENE PROCESS 
(57) Abstract 

The present invention provides a carbon based etch stop, such as a 
diamond like amorphous carbon, having a low dielectric constant and a 
method of forming a dual damascene structure. The low k etch stop is 
preferably deposited between two dielectric layers and patterned to define 
the underlying interlevel contacts/vias. The second or upper dielectric 
layer is formed over the etch stop and patterned to define the intralevel 
interconnects. The entire dual damascene structure is then etched in a 
single selective etch process which first etches the patterned interconnects, 
then etches the contacts/vias past the patterned etch stop. The etch stop has 
a low dielectric constant relative to a conventional SiN etch stop, which 
minimizes the capacitive coupling between adjacent interconnect lines. The 
dual damascene structure is then filled with a suitable conductive material 
such as aluminum or copper and planarized using chemical mechanical 
polishing. 
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AN ETCH STOP LAYER FOR DUAL DAMASCENE PROCESS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to the fabrication of integrated circuits on 
substrates. More particularly, the invention relates to a new etch stop layer and a process 
for forming a dual damascene structure characterized by a low capacitance between 
interconnect lines. 

Background of the Invention 

Consistent and fairly predictable improvement in integrated circuit design and 
fabrication has been observed in the last decade. One key to successful improvements is 
the multilevel interconnect technology which provides the conductive paths between the 
devices of an integrated circuit (1C) device. The shrinking dimensions of horizontal 
interconnects (typically referred to as lines) and vertical interconnects (typically referred 
to as contacts or vias: contacts extend to a device on the underlying substrate while vias 
extend to an underlying metal layer such as Ml, M2, etc) in very large scale integration 
(VLSI) and ultra large scale integration (ULS1) technology has increased the importance 
of reducing capacitive coupling between interconnect lines in particular. In order to 
further improve the speed of semiconductor devices on integrated circuits, it has become 
necessary to use conductive materials having low resistivity and low k (dielectric constant 
< 4.0) insulators to reduce the capacitive coupling between adjacent metal lines. For 
example, copper is now being considered as an interconnect material in place of 
aluminum because copper has a lower resistivity and higher current carrying capacity. 
Also, dielectric materials having a lower dielectric constant than that of silicon dioxide 
(dielectric constant -4.0) are being seriously considered for use in production devices. 
One example of these dielectric materials is fluorine-doped silicon dioxide also known as 
fluorine-doped silicon glass (FSG) (dielectric constant -3.5-3.7). 

However, these materials present new problems for IC manufacturing processes. 
For example, because copper is difficult to etch in a precise pattern, traditional 
deposition/etch processes for forming interconnects has become unworkable, and 
accordingly, a process referred to as a dual damascene is being used to form copper 
interconnects. In a dual damascene process, the dielectric layer is etched to define both 
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(he contacts/vias and (he interconnect lines. Metal is then inlaid into the defined pattern 
and any excess metal is removed from the top of the structure in a planarization process, 
such as chemical mechanical polishing (CMP). 

Figures la through lc illustrate one method used in the fabrication of a dual 
damascene structure using a single (thick) dielectric layer 10 formed on a substrate 12. 
The dielectric layer 1 0 is patterned and etched using a timed etch process to define an 
interconnect line 20 as shown in Figure la. The vertical interconnects 16 (i.e., 
contacts/vias), are then patterned in the bottom of the lines (Figure lb) and etched to 
expose an underlying conductive or semiconductive layer such as a substrate 12 (Figure 
lc). The etched structure having contacts/vias 16 and interconnects 20 is filled with a 
conductive material and the upper surface is planarized. However, the depth of the timed 
etch step is difficult to control and the patterning of the contacts/vias in the interconnect 
trenches is also a difficult process to perform. 

Figures 2a and 2b illustrate another method used to fabricate a dual damascene 
structure. As shown in Figure 2a, a single (thick) dielectric layer 10 is formed on a 
substrate 12 and the contacts/vias 16 are patterned and partially etched through the 
dielectric layer 10 using a timed etch process. The interconnect lines 20 are then patterned 
and a second timed etch is conducted to form the trenches for the interconnects as shown 
in Figure 2b. During this second timed etch, the contacts/vias 16 are also etched to an 
additional depth sufficient for the contacts/vias to extend vertically to their intended depth 
as shown by the dashed lines. However, the timed etch steps again are difficult to control 
making this process less attractive for commercial production. 

A third and more preferable method for fabricating a dual damascene structure uses 
a two-step dielectric deposition with an etch stop deposited therebetween as shown in 
Figure 3. A first dielectric layer 10 is deposited on a substrate and then an etch stop 14 is 
deposited on the first dielectric layer. The etch stop is then patterned to define the 
openings of the contacts/vias 16. A second dielectric layer 18 is then deposited over the 
patterned etch stop and then patterned to define the interconnect lines 20. A single etch 
process is then performed to define the interconnects down to the etch stop and to etch the 
unprotected dielectric exposed by the patterned etch stop to define the contacts/vias. 

Silicon nitride has been the etch stop material of choice. However, the silicon 
nitride disposed between the dielectric layers is within the fringing field between the 
interconnects. Silicon nitride has a relatively high dielectric constant (dielectric constant 
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-7) compared to the surrounding dielectric, and it has been discovered that the silicon 
nitride may significantly increase the capacitive coupling between interconnect lines, even 
when an otherwise low k dielectric material is used as the primary insulator. This may 
lead to cross talk and/or resistance-capacitance (RC) delay which degrades the overall 
performance of the device. 

Therefore, there is a need for a process to fonn a dual damascene with decreased 
capacitive coupling between interconnects. 

Summary of the Invention 

The present invention provides a process sequence and etch stop material which 
provides a reliable dual damascene structure while minimizing the contribution of the 
etch stop layer to the capacitive coupling between interconnect lines. In one 
embodiment, a low k dielectric film, such as an amorphous carbon (a-C) or amorphous 
fluorinated carbon (a-FC) film is used as the etch stop below an intermetal dielectric 
(IMD). Other low k materials such as parylene, AF 4 , BCB, PAE, oxynitride and silicon 
carbide may also be used. 

A preferred process sequence of the invention comprises depositing a first dielectric 
layer, such as a fluorinated silicate glass (FSG) layer, on a substrate, depositing a low k 
dielectric etch stop, such as an a-FC layer, on the first dielectric layer, patterning the 
etch stop to define the contacts/vias, depositing a second layer of a dielectric, such as 
FSG, patterning a resist layer on the second layer of dielectric to define one or more 
interconnects, and etching the interconnects and contacts/vias. The interconnects are 
etched down to the etch stop in the final etch step, and then the etching continues past 
the patterned etch stop to define the contacts/vias. Once the dual damascene structure 
has been formed, a barrier layer is preferably deposited conformably in the structure 
prior to filling the structure with copper to isolate the copper from other materials, such 
as silicon. The upper surface is then planarized using chemical mechanical polishing 
techniques. 

Brief Description of the Drawing s 

So that the manner in which the above recited features, advantages and objects 
of the present invention are attained and can be understood in detail, a more particular 
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description of the invention, briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective embodiments. 

Figures la-Ic are cross sectional views showing a prior art dual damascene 
process; 

Figures 2a and 2b are cross sectional views showing a prior art dual damascene 
process; 

Figure 3 is a cross sectional view showing a dual damascene structure formed 
on a substrate; 

Figures 4a-4h are cross sectional views showing one embodiment of a 
deposition sequence of the present invention; and 

Figure 5 is a process sequence for deposition of the dual damascene structure of 
Figure 4h. 

Detailed Description of a Preferred Embodiment 

The present invention provides an improved dual damascene structure 
comprising a low k etch stop, preferably an amorphous, diamond-like carbon (a-C) 
material. Low k etch stop is defined herein as an etch stop having a dielectric constant 
equal to or lower than that of silicon nitride (dielectric constant -7.0). A dual 
damascene structure fabricated in accordance with the invention is shown in Figure 4h 
and the method of making the structure is sequentially depicted schematically in 
Figures 4a-4h, which are cross sectional views of a substrate having the steps of the 
invention formed thereon. 

As shown in Figure 4a, an initial first dielectric layer 10, such as FSG, silicon 
oxide, or the like, is deposited on the substrate 12 to a thickness of about 5,000 to about 
10,000 A, depending on the size of the structure to be fabricated. As shown in Figure 
4b, a low k etch stop 14, such as a-C, a-FC, parylene, AF 4t BCB, PAE, oxynitride or 
silicon carbide, is then deposited on the first dielectric layer to a thickness of about 200 
to about 1000 A. Low k etch stop 14 is then pattern etched to define the contact/via 
openings 16 and to expose first dielectric layer 10 in the areas where the contacts/vias 
are to be formed as shown in Figure 4c. Preferably, low k etch stop 14 is pattern etched 
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using conventional photolithography and etch processes using fluorine, carbon, and 
oxygen ions. After low k etch stop 14 has been etched to pattern the contacts/vias and 
the photoresist has been removed, a second dielectric layer 18 is deposited over etch 
stop 14 to a thickness of about 5,000 to about 10,000 A as shown in Figure 4d. Second 
dielectric layer 18 is then patterned to define interconnect lines 20, preferably using 
conventional photolithography processes with a photoresist layer 22 as shown in Figure 
4e. The interconnects and contacts/vias are then etched using reactive ion etching or 
other anisotropic etching techniques to define the metallization structure (i.e., the 
interconnect and contact/via) as shown in Figure 4f. Any photoresist or other material 
used to pattern the etch stop 14 or the second dielectric layer 18 is removed using an 
oxygen strip or other suitable process. 

The metallization structure is then formed with a conductive material such as 
aluminum, copper, tungsten or combinations thereof. Presently, the trend is to use 
copper to form the smaller features due to the low resistivity of copper (1.7 ^iQ-cm 
compared to 3.1 (.iQ-cm for aluminum). Preferably, as shown in Figure 4g, a barrier 
layer 24 such as tantalum, tantalum nitride, or other suitable barrier is first deposited 
conformally in the metallization pattern to prevent copper migration into the 
surrounding silicon and/or dielectric material. Thereafter, copper is deposited using 
either chemical vapor deposition, physical vapor deposition, electroplating, or 
combinations thereof to form the conductive structure. Once the structure has been 
filled with copper or other metal, the surface is planarized using chemical mechanical 
polishing, as shown in Figure 4h. 

One embodiment of the invention contemplates the use of FSG as the intermetal 
dielectric, a-FC (dielectric constant -2.8) as the etch stop and copper as the metal to 
complete the dual damascene structure. This process will now be described in detail 
below. The process steps for the following embodiment are shown in Figure 5. 

A substrate is introduced into a DxZ<s> chamber available from Applied 
Materials, Inc., Santa Clara, California. A first blanket FSG layer of about 5000 A is 
deposited on the substrate by flowing TEOS, 0 2 , and C 2 F 6 or other gases over the 
substrate surface. 

An oxide barrier layer may be deposited on the FSG layer to inhibit migration 
of species between the FSG layer and the subsequent a-FC layer. 
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Next, the substrate is moved to an Ultima 1 ™ HDP-CVD chamber, also available 
from Applied Materials, Inc. of Santa Clara, California, where a 500 A a-FC etch stop 
layer is formed on the first FSG layer. The a-FC etch stop layer is deposited by 
flowing octafluorocyclobulane (C4F8) and methane (CH4) into the chamber at a rate of 
between about 20 seem and about 200 seem, preferably about 50 seem. Argon, or other 
inert gas, is flown into the chamber at a rate of from about 20 seem to about 100 seem. 
A source power of 1000W and a bias power of 1000W are applied to the source coil 
and the substrate support member, respectively, to strike and maintain a high density 
plasma in the processing chamber. The chamber pressure during deposition is 
preferably less than 10 mTorr. While the above described process is preferred, other 
processes and precursor gases such as CH4, C2H4, C2HG, C2H2, CoHo, CF4, C2F6, C3F8, 
CHF3, and C 6 F 6 may also be used. 

Next, a photoresist layer is formed over the a-FC etch stop layer and exposed 
by conventional photolithography methods to define the contact/via openings. The 
substrate is then moved to a dielectric etch chamber such as the IPS Chamber available 
from Applied Materials, Inc., of Santa Clara, California. The a-FC etch stop layer is 
preferably etched anisotropically with a high density plasma of trifluoromethane 
(CHFj), 0 2 , and Ar to define the contact/via openings through the a-FC etch stop layer. 
Etching of the a-FC etch stop layer is preferably stopped prior to substantial etching of 
the underlying FSG layer to avoid over-etching. Endpoint detection between the a-FC 
film and the FSG layer is conveniently done by optical detection of the etch byproduct 
gases. The remaining photoresist layer is then stripped using an 0 2 plasma. 

The substrate is then moved back into the DxZ® chamber where a second 5,000 
A FSG layer is formed on the patterned a-FC etch stop layer. A second photoresist 
layer is then deposited on the second FSG layer and exposed by conventional 
photolithography methods to define the interconnect openings through the photoresist. 
The substrate is then returned to the IPS chamber and the entire dual damascene 
stnicture is etched in a single step by exposing the substrate to a carbon rich, oxygen 
free, fluorine-carbon etching environment. Preferably, the FSG layers are etched 
anisotropically with a plasma of CjFg or C 3 F 6 and Ar so that the interconnects and 
contacts/vias are formed with relatively straight sidewalls and no under cuts. Hydrogen 
can be added in small amounts to passivate the sidewalls. Once the interconnects are 
etched down to the patterned a-FC film, etching is substantially confined to the 
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patterned contacts/vias. Endpoint detection after etching through both FSG layers is 
conveniently done by optical detection of the etch byproduct gases. After etching of 
the interconnect is complete, the remaining resist layer is stripped using an O2 plasma. 

Preferably, a barrier layer of tantalum, tantalum nitride, combinations thereof, 
or other suitable barrier layer is formed over the patterned dual damascene structure 
and then the structure is filled with copper. One method which can be used to fill the 
structure with copper provides filling the contacts/vias with copper using CVD 
techniques and then filling the remaining volume of the structure using PVD 
techniques. However, any suitably filling process such as CVD, PVD (including high 
density plasma PVD), electroplating or combinations thereof may be used. The metal 
layer is then planarized by chemical mechanical polishing or other planartzing process 
prior to deposition of additional layers. 

As shown in Figure 4h, a copper dual damascene structure is formed having a 
low k etch stop 14 disposed between the interconnects 26. The low k properties of the 
etch stop 14 prevent cross talk and increased RC delay between interconnects from 
adversely affecting the speed of the device. 

* Alternatives to a-C and a-FC etch stops include other carbon based materials. 
In particular, there are a number of carbon based materials that may be suitable etch 
stops for oxide intermetal dielectrics. Such materials which also have dielectric 
constants lower than SiN would. reduce the capacitive coupling between interconnect 
lines. Such alternative carbon based films include parylene and related materials, such 
as parylene-N and AF4 t BCB spin-on, PAE, oxynitride and silicon carbide. 

While the foregoing is directed to the preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the 
claims which follow. 
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Claims: 

1 . A method of forming a dual damascene structure, comprising: 
depositing a first dielectric film on a substrate; 

depositing a low k etch stop on the first dielectric film; 

pattern etching the low k etch stop to define a vertical interconnect opening and 
expose the first dielectric film; 

depositing a second dielectric film on the low k etch stop and the exposed first 
dielectric film; and 

pattern etching the second dielectric film to define a horizontal interconnect and 
continuing to etch the exposed first dielectric film to define the vertical interconnect. 

2. The method of claim 1 wherein the low k etch stop is selected from a group 
comprising a-FC, a-C, parylene, AF 4 , BCB, PAE, oxynitride, silicon carbide and 
combinations thereof. 

3. The method of claim 1 wherein the dielectric layer is comprised of fluorine 
doped silicon glass and the low k etch stop is comprised of a-FC. 

4. The method of claim 3 further comprising depositing an oxide barrier layer 
before and after deposition of the low k etch stop. 

5. The method of claim 1 wherein etching the horizontal and vertical interconnects 
is a single step etch process. 

6. The method of claim 1 wherein the low k etch stop is a-FC. 

7. The method of claim 6 wherein the a-FC etch stop is deposited from gases 
selected from the group comprising CH 4 , C2H4, C 2 H 6 , C2H 2> C<>Hg, CF 4> C 2 F6, C3F8, 
GjFg, CHF3, and combinations thereof. 

8. The method of claim 6 wherein the a-FC etch stop is deposited from gases 
comprising C4F8 and CH 4 . 
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9. A method of forming a dual damascene structure, comprising: 
depositing a first dielectric film on a substrate; 

depositing a low k etch stop on the first dielectric film; 
depositing a first photoresist layer on the low k dielectric etch stop; 
patterning the first photoresist layer to define one or more vertical interconnect 
openings; 

pattern etching the low k dielectric etch stop to define the one or more vertical 
interconnect openings and expose the first dielectric film; 

stripping the first photoresist layer with an oxygen plasma; 

depositing a second dielectric film on the low k dielectric etch stop and the 
exposed first dielectric film; 

depositing a second photoresist layer on the second dielectric film; 

patterning the second photoresist layer to define one or more horizontal 
interconnects; 

pattern etching the second dielectric film to define the one or more horizontal 
interconnects and continuing to etch the first dielectric film to define the one or more 
vertical interconnects. 

10. The method of claim 9 wherein the low k etch stop is selected from a group 
comprising a-FC, a-C, parylene, AF4, BCB, PAE, oxynitride, silicon carbide and 
combinations thereof. 

11. The method of claim 9 wherein the dielectric layer is comprised of fluorine 
doped silicon glass and the low k etch stop is comprised of a-FC. 

12. The method of claim II further comprising depositing an oxide barrier layer 
before and after deposition of the low k etch stop. 

13. The method of claim 9 wherein etching the horizontal and vertical interconnects 
is a single step etch process. 

14. The method of claim 9 wherein the low k etch stop is a-FC. 
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15. The method of claim 14 wherein the a-FC etch stop is deposited from gases 
selected from the group comprising CH4, C2H4, C2H6, C2H2, CJlo, CF 4 , C2F6, C3F8, 
C4F8, CHF3, and combinations thereof. 

16. The method of claim 14 wherein the a-FC etch stop is deposited from gases 
comprising C4F8 and CH 4 . 

1 7. A dual damascene structure, comprising: 

a) a first low k dielectric layer defining one or more vertical interconnects; 

b) a low k patterned etch stop overlying the first low k dielectric layer and patterned to 
define the one or more vertical interconnects; 

c) a second low k dielectric layer overlying the patterned low k etch stop and defining 
one or more horizontal interconnects; and 

d) wherein the low k patterned etch stop layer comprises a material having a dielectric 
constant at least equal to or lower than that of the first or second dielectric layer. 

18. The structure of claim 1 7 wherein the low k etch stop comprises amorphous carbon. 

19. The structure of claim 1 8 wherein the first and second dielectric layers are comprised of 
a materia] selected from fluorine doped silicon oxide, silicon oxide or combinations thereof. 

20. The structure of claim 17 wherein the low k etch stop comprises a material selected 
from a-FC, a-C, parylene, AF 4 , BCB, PAE, oxynilride, silicon carbide and combinations 
thereof. 

21. The structure of claim 19 wherein the one or more vertical interconnects and the one or 
more horizontal interconnects are comprised of a metal selected from aluminum, copper, 
tungsten or combinations thereof. 

22. The structure of claim 21 further comprising a barrier layer disposed between the low k 
dielectrics and the metal. 
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23. The structure of claim 22 wherein Uie barrier layer is comprised of tantalum, tantalum 
nitride, titanium, titanium nitride, silicon nitride or combinations thereof. 

24. An etch stop comprised of a carbon based material having a dielectric constant less than 
7. 

25. The etch stop of claim 24 wherein the carbon based material is selected from the group 
comprising a-FC, a-C, parylene, AF 4 , BCB, PAE, oxynitride, silicon carbide and 
combinations thereof. 

26. A carbon based film having a dielectric constant less than SiN used as an etch stop 
below a silicon based intermetal dielectric. 

27. A carbon based film having a dielectric constant less than SiN used as an etch stop 
below a silicon based intermetal dielectric in a dual damascene structure. 
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